The procedure for selecting values of Manning n is subjective and requires judgment and skill which are developed primarily through experience. Government agencies and private sectors in developed nations such as the USA are still doing research on predicting n values for rivers. Since flow and boundary roughness vary with river conditions, such research is therefore pertinent for rivers in Malaysia where floods are one of primary concerns. Research on Manning n value was started by River Engineering and Urban Drainage Research Centre (REDAC), Universiti Sains Malaysia (USM) since 2000 at the Kinta River catchment. Further data collections were later made at two other major rivers i.e. Langat River and Kulim River. Two new equations are proposed for determining Manning n for sand-bed rivers in Malaysia based on 163 data collected from these three rivers. On average, both equations have an error less than 10% in predicting flow discharge for all 163 data.
Introduction
Southeast Asia has long experienced a monsoon climate with dry and wet seasons. With mean annual rainfall precipitation locally in excess of 5,000 mm, the very intense rainstorms in the steep mountains of Malaysia have caused frequent and devastating floods in the last five years especially in 2003 (Northern states of Kedah, Penang and Perlis) and 2006 (Southern states of Malacca, Johor and Pahang). Urbanization also exacerbates the problem and increases river discharge due to increase in impervious areas of the upper watershed.
The protection of the communities against floods has become the primary concern of the Malaysian government. One of the methods commonly used to mitigate the floods is by constructing levees or bunds along the lowland areas surrounding river channel. A recent example of the flood mitigation project involves the Muda River, Kedah (Julien et al. 2006 ) that highlights several important points in the design of flood remediation countermeasures against intense and regular flooding during the monsoons of South-East Asia. The study reach covers 41.2 km between the river mouth and Ladang Victoria (Figure 1 ) which was the area that was heavily flooded in 2003. The hydraulic analysis using HEC-RAS model of the existing river system in the study area was carried out to provide information on the variations of river water levels, discharges, and velocities during flood events. Due to lack of field measurement data to determine suitable values of Manning n, different values were tried during the calibration of the HEC-RAS model. The best results were obtained with Manning n of 0.030 and 0.050 for the main channel and floodplains respectively ( Figure 2 ). Water level records at three locations (Ladang Victoria, Bumbong Lima and River Mouth) during the 2003 flood were used to check the predicted water level by the HEC-RAS model. The model results are considered sufficiently accurate for the determination of levee heights. This study by Most hydraulic computations related to indirect estimates of discharge require an evaluation of the roughness characteristics. A number of empirical equations were developed and these researches have been continued by government agencies and private sectors in the developed nation such as USA (Dooge 1991 , Yen 2002 ). Natural channel morphology depends on the interaction between fluid flow and the erodible channel boundary. Velocity is strongly related to flow resistance, which is one of the most important elements in the interaction between the fluid flow and the channel boundary (Graf 1998 , Yen 2002 .
Engineers use a number of flow resistance techniques involving grain roughness, form roughness and a combination of both. The most common practice is to express the total resistance in terms of Manning n. As a consequence, Manning's equation has been widely used for predicting discharge in natural channels (Chow 1959 , Barnes 1976 , Raudkivi 1993 , Karim 1995 , Julien 2002 ). This paper summarizes the recent results in this field based on field data collected at three rivers in Malaysia i. 
Existing equations for evaluation Manning's coefficient
Manning n is often assumed to be a constant that is independent of either flow discharge or depth. However, Chow (1959) indicates that the value of n is highly variable and depends on a number of factors: (1) surface roughness -fine sediment size such as sand will result in a relatively low value of n and coarse sediments such as gravels, in a high value of n; (2) vegetation -may also be regarded as a kind of surface roughness depending on the height, density, distribution and type of vegetation; (3) channel irregularity -comprises irregularities in wetted perimeter and variations in cross section, size and shape along the channel length. A gradual and uniform change in cross section, size and shape will not appreciably affect the value of n; (4) channel alignment -smooth curvature with large radius will give a relatively low value of n; (5) silting and scouring -silting may change a very irregular channel into a comparatively uniform one and decrease n, whereas scouring may do the reverse and increase n; (6) obstruction -the presence of log jams, bridge piers, and the like tends to increase n; (7) size and shape of channel -an increase in hydraulic radius may either increase or decrease n depending on the condition of the channel; and (8) stage and discharge -n value in most Table 1 Suggested Manning n for natural streams (Chow, 1959 streams decreases with increase in stage and discharge. However, the n value may be large at high stages if the banks are rough and grassy. Chow also gives suggested values of n in a table where three values (minimum, normal, maximum) of n are given for each kind of channel. Table 1 gives values of n from Chow (1959) relevant to the present study.
Several available equations to predict values of n for rivers can be found in Simons and Senturk (1992), Yang (1996) and Lang et al. (2004) . These equations can be categorized as: (1) equations that are based on bed sediment size; (2) equations that are based on the ratio of flow depth or hydraulic radius over sediment size; and (3) equations that includes water-surface slope besides bed sediment size and hydraulic radius or flow depth. In the present study, seven equations were evaluated as follows: Bruschin (1985) were based mainly on flume and sandy river data (Raudkivi, 1993 ).
Study sites
The data collection programme for the present study was implemented at three major rivers ( Figure 3 (Chang, 2006) . A short description of the three rivers is given herein including the present landuse and catchment size. Detailed hydraulic characteristics of the study sites are given in Section 4. (Figure 5 ), namely Kinta River, Raia River, Pari River and Kampar River, which are situated in Kinta River Catchment as depicted in Figure 4 . Six study sites for this study were chosen based on the following criteria: 
Langat River
The two study sites studied are located in the Langat River basin ( Figure 6 ) in Selangor. The tributaries Sungai Lui and Sungai Semenyih flow into the main river Sungai Langat. In both the upper and lower region along Sungai Lui and Sungai Semenyih there are scatter of rubber plantations and isolated villages. The Sungai Langat around Kajang area is densely populated judging from the vast amount of traffic volume. In contrast, the lower region of Sungai Langat has yet to be fully developed. There are rubber and oil palm plantations within the catchment. Some areas on both sides of the river banks under study are inaccessible as they are covered by thick bushes and shrubs. Measurements were made from two gauging stations namely Kajang and Dengkil along Sungai Langat with catchment size of 380 km 2 and 1240 km 2 respectively ( Figure 7 ).
Kulim River
The study area is located at the southern part of the state of Kedah in the northwestern corner of Peninsular Malaysia ( Figure 8 ). It lies within the district of Kulim and upstream of Seberang Perai in Penang. Kulim River catchment consists of 15 subcatchments, with the total catchment area of 130 km 2 . Kulim river tributaries include Tebuan River, Kilang Sago Monsoon Drain, Wang Pinang River, Keladi River and Klang Lama River drain the urban conurbation of Kulim extending from town to the north. Downstream of Kulim town, the catchment comprises mainly of rubber and oil palm estate located mainly at the confluences of Kulim River tributaries. The study reach covers about 14.39 km of Kulim River, from the upstream (CH 14390) to the state boundary between Kedah and Penang (CH 1900) and further downstream at the Ara Kuda gauging station (CH 0). At the headwaters, the Kulim catchment is hilly and densely forested and Kulim River arises on the western slopes of Gunung Bongsu Range and flowing in a north-westerly direction, and joined Keladi River in the vicinity of Kulim town. The river slopes are steep and the channel elevation drops from 500 m to 20 m average mean sea level over a distance of 9 km. The central area of the catchment is undulating with elevations ranging from 100 m down to 18 m average mean sea level. Two study sites are located at CH 14390 and CH 3014 ( Figure 9 ).
Field data collection
Field measurements were obtained along selected cross sections of the study sites by using the Hydrological Procedure (DID, 1976 (DID, , 1977 and recent manuals (Yuqian, 1989 Table 2 to Table 4 show a summary with ranges for discharge The mean sediment sizes for all sites show that the study reaches are sand-bed streams where d 50 ranges from 0.40 to 2.0 mm. The aspect ratios for the three rivers are between 11 and 107 indicating that they are moderate-size channels. The water-surface slopes of the study reaches were determined by taking measurements of water levels over a distance of 200 m where the cross section is located (FISRWG, 2001 ). For all study sites the water-surface slopes were found to be mild with ranges between 0.001 and 0.005. No over bank flow occurred during all measurements.
Low sediment transport rates, T j occurred during the measurements with ranges between 0.01 to 17.62 kg/s while the discharges varied between 0.73 and 47.90 m 3 /s for Kinta River and Kulim River. Higher flow discharge occurred at Langat River up to 88 m 3 /s that resulted in higher sediment transport rates up to 119 kg/s.
Data analysis
Figures 10 to 12 illustrate the variation of Manning n with flow depths and discharges for the three rivers in the present study. Five cross sections along Kinta River (Figure 10) show that n increases with the increase in both flow depth and discharge. This could be attributed to grassy banks ( Figure 5 ) and irregular cross sections. Table 2 shows that the range of n for Kinta River is between 0.03 and 0.060. For Langat River (Figure 11 ), both study sites show that n decreases with the increase in both flow depths and discharges as occurs in most streams (Chow, 1959) . The range of n for Langat River as given in Table 3 is between 0.05 and 0.35. As for the Kulim River (Figure 12) , CH 14390 at the upstream shows that n increases with both flow depth and discharge while at CH 3014 at the downstream, n decreases with both flow depths and discharges. The range of n for Kulim River (Table 4 ) is between 0.024 and 0.053. These values of n obtained at the three rivers suggest that the streams are natural channels with somewhat irregular side slopes and grass on slopes as given in Table 1 (Chow, 1959 ).
Evaluation of existing equations
The evaluations of Equations 1 to 7 for the three rivers are shown in Figures 13 to 15 . Examples of measured and computed n from the seven equations for representative data are given in Tables 5 to  7 . The ranges of n predicted by these seven equations are between 0.010 and 0.040. Figures 13 to 15 show that all existing equations underestimate the measured n values for all three rivers. As a consequence, these results in an unsatisfactory overprediction of discharge as depicted in Figures 16 to 18 . Equations 1 to 3 were developed for large rivers hence the results show that they are not directly applicable for the moderatesize channels in the present study. Similarly, Equations 4 and 5 were based on data from gravel-bed streams; the results obtained also show that these two equations do not apply well for sandbed streams for the three rivers in the present study. Even though Equations 6 and 7 were based on sandy river data, they are also not applicable perhaps due to the presence of grassy banks and channel irregularities in the present cross sections as discussed earlier.
The pattern in error as shown in Figures 13 to 15 suggests an improved equation needs to be developed for these three rivers in the present study in particular and other rivers having similar characteristics in general.
Development of new equations
Since the sand-bed streams in the present study are moderate-size channels with an aspect ratio between 11 and 107 and of mild slope (0.001-0.005), attempts were made to derive new equations Revised equations for Manning's coefficient for sand-bed rivers 341 Table 6 Table 7 Evaluations of existing manning n equations for Kulim River catchment (Chang 2006 ). Bray (1979) , Bruschin (1985) , and Julien (2002) . Table 8 gives a summary of accuracy for Equations 8 and 9 based on the discrepancy (ratio of computed discharge over measured discharge) for all the 168 data. The results show that 65% of all the data are within ±0.25 range of discrepancy ratio for Equation 8 ( Figure 21 ) while 72% of all the data are within ±0.25 range of discrepancy ratio for Equation 9 ( Figure 22 ). The average discrepancy ratio of Equation 8 for all 168 river data is 0.93 while for Equation 9 is 1.03. This means that, on average, both equations have an error between 3% and 7% suggesting the viability of using these new equations for predicting flow discharge for the rivers with similar characteristics as studied. 
Study

Conclusions
Applications of Manning n values from the existing equations result in the computed discharges overpredicted the measured discharges. Attempts were then made to derive new equations for computing Manning n for application to the moderate-size and sand-bed streams in Malaysia based on 168 data collected from Kinta, Langat and Kulim Rivers. The resulting Equations 8 and 9 have an error less than 10% in predicting flow discharge for all the measured data. 
